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\HYjIKYM6UXZ/2GJY©X_4}7�/2XZ=?XîYjG58[ÏfIULMÏfYjG58�Ç?Yj6UePLM6UX_47GJ1*YkLjeJÎ�LM6UA RSIU47IK/SLMG5R
8[/26�Yj1*IKd2N&1�LMGJG�YM1*IKYb8�IUL©E�Ê²^ RSÎ�/2IK1
3�YbRhLjß¦YM6+1*6
L[RTRSÏf1�LM=¼GJIK6UN&\H9f6Ø1*/26PÏ
1*=?/2IURT:

•
`HLMXZÇ0476�Y>Ç¼YM6UePLM6UX_47GJ1*YkLje54p1
6*L[RTRSÏf1�LM=¼GJIK6PNk\H9f6[~[E�Ê²^äGJYMIKÎ�LM6UA
1�LMGJG�YM1*IK/2G5ÓlE�Ê²^ RSÎ�/2IK1
3�YbRh47I�IK3JY>If3�6�YjY©1*YjGJIKYM6@R?IULk4p1*6*LbRTR�Ïf1cLj=?G�If6UN
\H9f6[~[ãfÒ�6*Lj=?IKY[8kG�YMIKÎ�LM6UA&1�LMG�GJYM1*IK/2G5ÓlIK3JY�RT47XZY>IK3J6�YMY>1
YjGJIKYM6@RT:

Ö{=¼GJ1*IK/SLMG547d[Ê Y[RSIUR

• � IK/2d2/|{FY©Ò¼YM6UX_47GJYjGJI�ó0/26PIK=047d[`HLMGJG�YM1*IK/SLMG5R}Ì�Ò?ó>`HR}ÍJ47G58k9ÐÎ�/2IK1*3JY[8kó0/26UÏ
IK=047d[`HLMGJGJYj1*If/�LMG5RhÌ�9Ðó�`HRTÍJ471
6*L[RTR?IK3JY©E�Ê²^äGJYjIfÎ�Lj6PA²:

•
ãfGJ1
6�Y[4FRSY©IK3JY>GJ=¼XZa{Yj6�LMe5RSÎ�/2IK1*3JYbR047G58k1�LjGJGJYM1*IK/SLjG5R?abN&1�LMGJGJYj1*If/¨G5Ó
Q?YM.0`È47G58�Qp47.0` E�Ê²^äIKYbRSIKabYb8?R?IUL©IK3JY>EHg².0Õ£GJYjIJÇ¼6*LMIULjIKN{Ç¼Yb:

•
`HLMG�GJYM1*I[E�Ê?^ RSÎ�/2IK1*3JY[R�IUL�Ö{\(\Hã{IKY[RSIKa{Y[8 GJYMIKÎ�LM6UA R+47I[iÑE£9ÐCWQh47.0`�C
47G58�Q?YM.0` IK3J6*LM=0Ó�3�IK3JY>=hRSY�LMe�ã�ÒÉ6
Lj=¼IfYj6@RT:

•
g?ßà47d2=047IfY>Õ£9ÐÒ?Öñ47G+8k.0ãfÒ�/2G�47d¨d[Ç¼354FRSYbRT:

EHÇ¼Ç?d2/¨1c47IK/SLjG5R?Ê Y[RSIUR

•
ÊÐY[RSI�ß¦/S8[Y[LM1�LMGJefYj6�YMGJ1*/2G5Ó©=hRS/2G+ÓlE�Ê?^Ë:

•
.0=?G RSIU47G58²476*8�47Ç¼Ç¼d2/21�47If/SLjG5RhÌ�IKYjd2GJYMIKCFÖbÊ²ÒjCF6UdSLbÓM/2GJCFYMIK1�:yÍJLMß{YM6+IK3JY
E�Ê²^ÔG�YMIKÎ�LM6UA :
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� Â2Ã �]�J�cÆK���U�
Ò¼YM6UePLM6UX_47GJ1*Y©IKY[RSIUR?1cLjG5RS/SRSIKY[8×Lje54ØRSYj6P/2Y[RhLMeJIK6@47G5RSefYj6WR¼=hRS/2G+Ó�F`F`DUB IUL©XZY[4FRS=¼6�Y
8?47IU4pIf6@47G5RSefYj656@47IKYbR}:7Ê²3JY>Ç¼YM6UePLM6UX_47GJ1*Y©XZY[4FRS=¼6P/2G5Ó©IKYbRSIUR?ßà476U/2Y[8kIK3JY>GJ=¼XZa{Yj6
LMe[IK1
ÇZRSIK6�Y[47X_R+4FR�Î�YMd¨d�4FR�IK3JY 8²47IU45ab=¼e-efYM6U/2G5Ó(RS/|{FYb:U9;LM1*A{YjIbab=¼e-efYj6pRS/�{FY�Î�4FR+RSYjI
IUL©IK3JY>X_4}7c/2XZ=¼XÔRS/|{FY�47d2dSLMÎ�Y[8kabN&IK3JY�LMÇ¼Yj6W47IK/2G5ÓkRSN RSIKYjXî1cLjG=;hÓM=?6@47IK/SLMG�C[�7ð
<o��ePLM6+9f�(ãPRh47G58�ðC�Ø<o�×ePLj659Ð=¼G�Î�Lj6PA R�IP47IK/SLjG5RT:
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Ê²3�Y©/2GJ/2IK/S47d[Ç¼3+4FRSYkLjeJIK3JY©IKY[RSIUR?Î�4FR?IUL©XZY[4FRS=?6�Y>IK3JY©a²4FRSYjd2/2GJY©Ç¼Yj6PePLj6UX_47GJ1
Y�LMe
4p6*LM=¼IKYb8�\H9f6[~[Öb\H\Hã;G�YMIKÎ�LM6UA :7Ê?3JY©X_47/¨G�Ó{Lb47d¼LMeJIK3JY[RSY©IKY[RSIUR?Î�YM6�Y>IPL�8[YMIKYM6UÏ
XZ/2GJY>/2eJIK3JY©6*Lj=?IKYj6WR?1�Lj=?dS8�ePLj6PÎ�476*8�If6@47e];¼1(47I+RS=0RSIU47/2GJY[8k\(9f6Ø6W47IKY[RhÌ`�[ðFð
^_a�~?R}Íf:7Ê²3JY�Ó�6@47Ç?3+RhRS35LMÎ�GÑ/2G�Ö{/SÓ�=¼6�YbR?ðØIK3J6*Lj=hÓM3:�Ø476�Y©IK3JY>6�Y[RS=¼d2IURhLMeJIK3JY
IKYbR�IPR¼a{YjIKÎ]YjYjG�IK3JY©iÑE£9HeP471*/2d2/2IKNe  Q?E£.0`È47G58�abYMIKÎ�YMYjG�IK3JY>i�EH9HeP471
/2d2/¨IfN¡ 
Q?g².0`H:TÊ?3JY�Î�LM6UA RSIU47IK/SLMGZ47I¦IK3JY�i�E£9 eP471
/¨d2/2IKNkÎ�4FR047G 9f�(ã�ðF\¢~£6FÀ[¤7C�IK3JY�Î�Lj6PA{Ï
RSIU47IK/SLMG+Rh47I�Q²EH.0`È47G58�Q²g?.0` Î�YM6�Y©a²LMIK3�9Ð=¼G�9ÐÇ0476�1 �C¤FRT:7gh471
3�Î�Lj6PA²RSIU47IK/SLMG5R
Î�4FR?1�LMGJG�YM1*IKYb8�IULk4Ø8[Yb8[/21�47IKYb8�Ö{\H\(ã;6U/2G5Ó&4FRhRS3+LMÎ�G�/2G�Öb/SÓ�=¼6�Yo6¦:
^_=¼d2IK/2Ç¼d2Y�RSIK6�Y[47X_R?Î�Yj6�Y>=hR�Yb8�IULkLjß¦YM6�1�LMXZY>d2/2XZ/2IU47IK/SLMG+RhLMeJIK3JY>Î�LM6UA RSIU47IK/SLjG5R
47G58�LMÇ¼Yj6W47IK/2G5ÓkRSN RSIKYjX_R?IULg;¼d2d[IK3JY©YjGJIK/26�Y©\H9f6¦:7EHd2d[IKY[RSIUR?=hRSY[8�Ê²`�ÒÉIf6@47G5RSXZ/SR�Ï
RS/SLjG5R?abYM1�47=hR�Y©IK3J/SR?abY[RSI+RS/2XZ=?dS47IKY[R?IK3JY>IfNbÇ¼YbRhLje58²47IU4pIK6@47G5RSefYj6WR?1�LjXZX_LMGJd2N
=0RSYb8�abNñRS1*/2YMGJIK/SR�IPR0LMG�IK3JY>E£g?.0Õ£GJYMI�GJYjIKÎ�LM6UA :

ãfG�IK3JYkÓM6W47Ç¼35RhRS3+LMÎ�G�/2G�Öb/SÓ�=¼6�Y[R?ðØIK3J6*LM=0Ó�3:�Ø47a²Ljß¦YMCFG5LjIKY©IK3547I�IK6@47G5RSefYj6WR
Î�/2IK3ñ�7CWÀ�47G58(ð>Ê?`�Ò RSIK6�Y[47X_R5476�Y�1*dSLbRSY�IUL�abYM/2G5Ó�XZ=¼d2IK/2Ç?d¨YbR+LMe{Y[471*3ñLjIf3�YM6pÌ�/S: Y[:
\]47IU4p6@47IfY>=0RS/2G5ÓlÀ RSIK6�Y[47X_R?/SR¥�[Àr¦+8?47IU4p6@47IKY©=0RS/2G5Ó&�ØRSIK6�Y[47XZC¦47G58�8²47IU4p6@47IKY
=0RS/2G5Ó�ð�R�If6�Y[47X_RJ/SR§�®ðS¦²8?47IU4�6W47IKY�=0RS/2G5Ó�À�R�If6DYb47X_RTÍf: Ê?3J/SR5RS=0Ó{ÓMYbRSIURJIK3547IbIK3JY[RSY
8?47IU406@47IfY[R�476�Y�d2/2XZ/2IKY[8Ha{N£IK3JY�Î�LM6UA RSIU47IK/SLjG5R©¨�LjÇ?Yj6@47If/¨G5Ó�R�N RSIKYMX_RSCjG5LjI{IK3JY�GJYMIKÏ
Î�LM6UA :7ô�LjÎ�YMß{YM6-C¦LMGJ1*Y©Î�Y�47Ç¼Ç¼6
L[471*3ª�r �ïØÊ?`�Ò RSIK6�Y[47X_R?IK3JYk8?47IU4p6W47IKY
abYbÓ�/¨G5R?IUL©d2Yjß¦YMd¼LM=¼I+47G58kd2/¨IfIKd2Y>IUL©G5L>/2GJ1*6�Yb4FRSY[Rh476�Y©Yb7cÇ¼YM6U/2YMG�1
Y[8?:7Ê²3J/SRhRS=0Ó�Ï
Ó�Y[RSIUR?IK3547I�IK3JY©G�YMIKÎ�LM6UA&Î�4FR?IK3JY>d2/2XZ/2IK/2G5Ó©eP471
IULj6�47G58�IK3J=0R?IK3J/SR?/SRh47Ç¼Ç¼6*L87c/2Ï
X_47IKYMd¨N&IK3JY©X_4}7c/¨XZ=?XÔRS=0RSIU47/2GJY[8kd�Lb4F8�IK3547I�1c47GÑa{Y>Ç¼=?I+LjG�IK3JY©GJYjIKÎ�LM6UA :

Ê²3�Y�8?47IU4p6@47IKYbR;6�Yj1cLj6*8bY[8�8?L�G5LMI¦/2GJ1*d2=08bY�IK3JY>ãfÒ Lj6+Ê?`�Ò LMß{YM6�3JYb4F8[C�IK3J/SR0Ljß¦YM6UÏ
3JY[4F8kÎ�Lj=?dS8�471*1�LM=¼GJI�ePLM6�47G�4F8?8b/2IK/SLjG547d[ð[¤pabN{IKYbR«~[Ç¼A{IU:

a. Assume 4096 bytes of data per IP packet.

¬®­°¯�±{ê�ë@ì
Data Summary:

DS3/FDDI ATM WKS DS3/ATM

Maximum

Data Rate

5.2406 MB/s 3.47726 MB/s 4.22527 MB/s

Maximum

Bit Rate

41.924 Mb/s 27.818 Mb/s 33.802 Mb/s

Overhead

per bytea

0.0117 bytes 0.117 bytes 0.117 bytes
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Ê²3�YkÓ�6@47Ç¼35RhRS35LjÎ /2G�Ö{/SÓM=?6�Y[Rj�ØIK3J6*LM=0Ó�3��C¤Ø476�Y©IK3JY>6�YbRS=¼d2IUR?ef6*LMXîÇ¼Yj6PePLj6UÏ
X_47GJ1*Y©IKY[RSIUR?abYMIKÎ�YMYjG�Î�Lj6PA R�IP47IK/SLjG5R?1�LMGJG�YM1*IKYb8�8[/26�Yj1*IKd2N&IUL©IK3JY>E�Ê?^ÔGJYjIKÏ
Î�LM6UA&abNñ�C¤C¤p^Ùaz~¼R?Ê[E¹¸0ã;/2GJIKYj6PeP471*Y[Rh4FRhRS35LjÎ�G�/2G�IK3JY>Ç?3+4FRSY©IKÎ�L>ÇhLj6PIK/SLjG�Lje
Ö{/SÓM=?6�Yo6¦:
ãfG If3�/SR�RSYM6U/2YbR�Lje¦IKYbRSIURSCMIKYbRSIUR;=0RS/2G5Ó��©47G58HÀ©Ê²`�Ò¹RSIK6�Y[47X_R�47Ç¼Ç¼Yb476 IUL�a{Y�a Lj=¼G58
abN&IK3JY©Î�Lj6PA²RSIU47IK/SLMG5R?G+LMI�IK3JY>GJYMIKÎ�Lj6PA :7ô LMÎ�YMß{YM6+IKYbRSIUR?=0RS/2G5Ó©ð LM6+X_LM6�Y
RSIK6�Yb47X_Rh47Ç¼Ç¼Y[4765IUL>a{Y>d2YMß{YMd2/2G+Ó&LMe-efCFÎ�Y>abYMd2/2Yjß¦Y©IK3J/�R?/SRh8[=?Y>X_LM6�Y>IPL>IK3JY©G�YMIKÏ
Î�LM6UA&/2G�IfYj6UeP471
Y>1�476
8�IK3547G�IK3JY>GJYMIKÎ�Lj6PAk/2IURSYMd2eP:

å�æ�ç(è�é�êSº@ì i�EH9HIUL©Qh47.0`�Î�Lj6PA²RSIU47IK/SLMG�IUL>Î�LM6UA RSIU47IK/SLMGÑÎ]/¨If3ÑE�Ê?^»~[\H9f6
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Ê²3�Yg;¼G547d[Ç¼354FRSYkLjeJIK3JY>IfY[RSIUR?Î�4FRh47/2XZY[8×47I�XZY[4FRS=¼6P/2G5Ó©IK3JY©X_4}7c/2Xñ=?X
IK3J6*LM=0Ó�3JÇ¼=¼I�1c47Ç047ab/2d2/2IK/2Y[RhLMe547GÑE�Ê²^äGJYjIfÎ�Lj6PAk=?IK/2d2/�{F/2G5Ól\H9f6Ød2/2GJA²RT:7E]Ó{47/2GJC
Ê²`�Ò RSIK6�Yb47X_R?Î�Yj6�Y>=0RSYb8�abYM1�47=0RSY©IK3JYjN&X_L[RSI�1
dSL[RSYMd¨N&6�YMÇ¼6�YbRSYjGJI�IK3JY©IKNbÇ¼YkLje
IK6W47eÀ;?1�IK3547I�IK3JYbRSY>GJYjIKÎ¹Lj6UA R?Î�LM=¼dS8�1c476U6UN&/2G�IK3JY>E£g?.0Õ£GJYMI�YjGJß¦/26*LMGJXZYjGJIU:
� GJePLM6UIK=?G+47IfYjd2N&IK3JY>d2/2GJAka{YjIKÎ]YjYjG�IK3JY©iÑE£9HeP471*/2d2/2IKNñ47G58�Qh47G5Ó�d2YjN&.0Y[RSYb476�1*3
`�YMG�IfYj6+1cLj=?d�8kG5LjI�a{Y�RSIU47ab/2d2/|{FYb8�ePLM6+IK3JY[RSY©IKY[RSIURh47G58�IK3J=hRh8?47IU4p/SR?G5LjI+47ßà47/2d2Ï
47abd2Y©ePLj65IK3547I�Ç0Lj6PIK/SLjG�LMeJIK3JY>GJYjIfÎ�Lj6PAbC¦RSYMY>9ÐYM1*IK/SLjGª6¦:y�pePLM6+ef=¼6PIK3JYj6�8[YjIP47/2d�RT:

Ê²3�YkÓ�6@47Ç¼35RhRS35LjÎ /2G�Ö{/SÓM=?6�Y[Rh�
�Ø47G+8×�7À 476�Y>6�Y[RS=?d¨IPR¼ef6
LjXîIKYbRSIUR?=0RS/2G5Ó©XZ=?d2IK/2Ï
Ç¼d2Y©Ê?`�Ò RSIK6�Y[47X_R?IUL©IK6@47G5RSefYM6�8?47IU4Ø471
6*L[RTR?IK3JY©E�Ê²^¾~[.©LM=¼IKYM6+GJYjIKÎ�LM6UA :7Ê²3�Y
6�YbRS=¼d2IUR?ef6*LMXîIK3JY[RSY>IKYbRSIUR?1*dSLbR�YMd2N&6�Y[RSYMXZabd2Y>IK3JY©6�Y[RS=?d2IUR?ef6*LjXîIK3JY©IKY[RSIUR?=?IK/2d2/|{FÏ
/2G5Ók4ØRSIK6W47/SÓ�3�I�\H9f6[~[Ö{\H\HãJePLj6��7CFÀ 47G58�ð RSIK6�Yb47X_RT:7ô LMÎ�YMß{YM6-CFePLM6Á� LM6+X_LM6�Y
RSIK6�Yb47X_RSCFIK3�Y©X_4}7c/2XZ=¼XÔRS=0RSIU47/2GJYb8�8?47IU4p6W47IKY[R?=hR�/2G5Ól\H9f6[~®E�Ê²^ 476�Y�¤F:Â¤}�FÏ
�7^Ã�¥~?R¼d2YbRTR?IK3547GÑIf3�Y©Y£9F=¼/2ßà47d2YjGJI�GJ=¼XZabYM6�LMe5RSIK6�Yb47X_R0LMß¦Yj65IK3JY>\H9f6[~[Öb\H\Hã
GJYjIKÎ¹Lj6UA :
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å�æ�ç(è�é�êHëLh@ì Q?YM.0`ÙIPL�i�E£9 Î�LM6UA RSIU47IK/SLjG IPL�Î�Lj6PA²RSIU47IK/SLMG IK3J6*LM=0Ó�3 ã�Ò]6*Lj=?IKYj6WR
47G58kÎ�/2IK3�E�Ê²^¾~[\H9f6

�[vÂÄ Å£ÆCÇ�y r �Èy}� t y o
i�LjI®=?GJYb7cÇ¼YM1*IKY[8bd2N*C@IK3JYM6�YpÎ�YM6�YpIf/2XñYbRà8[=?6U/2G5Ó�If3�Y 8[YMÇ¼dSLjN{XZYjGJI¼47G58ØIfY[RSIK/2G5Ó(Lje
IK3JY>E�Ê?^ÔÇ¼6*LMIULMIKNbÇ?Y>GJYjIKÎ¹Lj6UA&Î�3JYMGÑIf3�Y©Ç¼6*LMIULjIKN{Ç¼Y©Yb7c1*YMY[8bY[8kYb7cÇ¼YM1*IU47IK/SLMG+RSC
4FR?Î�Yjd2d?4FR?IK/2XZYbR?Î�3�YMG�IK3JY>GJYMIKÎ�Lj6PA×8b/S8�G5LjI�Î�LM6UAñLM6+Ç¼YM6UePLM6UXZY[8kÇ0L[LM6Ud2Nc:
Ê²3�/SRhRSYM1*IK/SLjG�8bY[RS1*6P/2abY[RhRTLMXZY�LMeJIK3JY[RSY>Y87cÇ¼Yj6P/2YjGJ1*YbRT:
Ò¼YM6UX_47GJYMG�I547G+8k9ÐÎ�/2IK1*3JY[8kó /26UIK=h47d[`HLjGJGJYj1
IK/SLjG5RhÌ�Ò¼ó>`HRh47G58�9Ðó>`HRTÍ

Ê²3�Y©E�Ê²^ RSÎ�/2IK1
3JY[R?Î�YM6�Y>/2GJ/2IK/S47d2d2Nk1cLjG=;hÓM=?6�Y[8×4FRh4pef=¼d2d2N&XZY[RS3JY[8kÒ¼ó>` GJYjIKÏ
Î�LM6UA :7Ê?3J/SR?1�LMG=;0Ó�=¼6W47IK/SLjG�Ç¼6*LM1*YbRTR�CFÎ]3�/21
3 LM1*1*=?6U6�Yb8�47I�XZ=?d2IK/2Ç¼d2Y>1*YMGJIKYj6WRh47I
IK3JY RT47XZY�IK/2XZYjCWabYM1�47XZY�=?G�Î�/2YMdS8[N�47G58Ñ8b/¨e];?1*=¼d2I[IUL�X_47/2GJIU47/2G5:PãfI[Î�4FRà8bYj1*/S8bY[8
Y[476Pd2N£/2G&IK3JY�1�LMG=;0Ó�=¼6W47IK/SLjG&Ç?6*Lj1
Y[RTRJIK3547I{Ò¼ó>` Ç?6*Ljß¦/SRS/SLjGJ/2G5Ó�Î�4FR;G+LMIbefYb4FRS/2abd2Y
/2G 4l8[N{G547XZ/21pYMG�ß¦/26*LMGJXZYjGJIU:TEÉR�4p6�Y[RS=¼d2IKCF9Ðó�`HR¼Î�YM6�Y>=0RSY[8�/2G+RSIKYb4F8ÉLMe�Ò¼ó>`HRSC
Î�3JYj6�Y>Ç0LbRTR�/2a{d2Y[:

\]47IU4p9ÐYj6Pß¦/21*Y � GJ/¨IPR0Ì�\H9 � RTÍ

E�Ê²^_Ïf1�47Ç047abd2Y�\H9 � R¦Î�YM6�Y�=0RSY[8 IPL�1�LjGJGJYM1*I[IK3JY�ãfÒ 6*LM=¼IKYM6@R�IUL�E�Ê²^âRSÎ�/2IK1*3JYbR�C
=0RS/2G5Ólô�9Ð9ÐãJ/2GJIKYj6PeP471*Y[Rh47I�If3�Y©6*LM=¼IKYM6@Rh47G58�\H9f6Ø/2GJIKYj6PeP471*Y[Rh47I�If3�YkRSÎ�/2IK1*3JYbR}:
ãfG5RSIU47a{/2d¨/2If/¨YbR?Î�/2IK3�IK3JY>\H9 � RSCF1cLjXZab/2GJYb8�Î�/2IK3�6*LM=¼IK/2G5ÓlÇ¼6*LMIULj1�LMd[Ç¼6*LMabd2YMX_R�C
6�YbRS=¼d2IKY[8k/2G�4pÇ0476UIK/S47d?8[YMÇ¼dSLjN{XZYMG�I+LMeJÒ¼354FRSY©ãfó�:7Ò?354FR�Y©ãfó Ç¼YM6UePLM6UX_47GJ1*Y�8²47IU4
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Î�4FR?1�LMd2d2Yj1*IKYb8�LMGJd2N×LMG�IK3JY>i�EH9ÐÏfQ?YM.0` Ç0LM6UIK/SLMG�LjeJIK3JY©Ç¼6*LjIPLjIKN{Ç¼Y[:7Ê²3JY>/2G5RSIU47Ï
ab/2d2/2IK/2YbR�Î�Yj6�Y 8b=¼Y�IUL 47Gk/2GJIKYM6*LMÇ¼Yj6W47ab/2d2/2IKNHÇ¼6*LMabd2YjX abYjIKÎ]YjYMGkIK3JY�\H9 � R547G+8(ãfÒ
6*LM=¼IKYM6@RT:

E]R?a LjIK3�IK3JY©6*Lj=?IKYj6�47G58�\H9 � ß¦YjG58²Lj6@Rh8b/S8�G5LjI�3547ß¦Y�4ØRSIU47a{d2Y>E�Ê?^Ô\]47IU4
gj7c1
3+47G5Ó�Y>ã�GJIKYj6PeP471*Y�Ì�\¹¸0ã ÍJ47I�IK3JY>IK/2XZYkLjeJÇ¼6
LjIULMIKN{Ç¼Y�8bYjÇ¼dSLMNbXZYMGJIKCFÎ�Y>=hR�Yb8
IK3JY>Ö{6W47XZY>.0YMdS47Nk\¹¸0ã;/2G+RSIKYb4F8?:

ó /S8[YbL�LMß¦Yj6+E Ê²^

E]R?Ç0476PI+LjeJIK3JYk47Ç¼Ç¼d2/21�47IK/SLMG5R¼IfY[RSIK/2G5Ó&8[=¼6P/2G+ÓlÒ?3+4FRSY©ãfã�ãfCFE�Ê?^Ôß{/S8bY[Lk4F8?47Ç¼IKYM6@R
ef6*LMX Ö Lj6�Y>9ÐN RSIKYjX_R0Ì�E0ó²EHÏfÀ[¤C¤FÍ�Î�YM6�Y£8bYjÇ¼dSLMN{Y[8�47I¦Y[471
3 Lje�IK3JY>IK3J6�YMY�1
YjGJIKYM6@RSC
47G58�Î�YM6�Y�8b/26�Yj1
IKd2Nk1cLjGJGJYj1
IKY[8kIUL>IK3JY©E�Ê²^ RSÎ�/2IK1
3�YbRh47I�Y[471
3 RS/2IKYb:7Ê?3JYbRSY
4F8?47Ç¼IfYj6@R?Ç¼6
Ljß¦/S8[Yb8�47G�E�Ê²^ä/2GJIKYM6UeP471*Y©ePLj65ßà476U/SLj=hRh47=08[/SLk47G58�ß¦/S8[YbL>YÉ9�=¼/2Ç¼Ï
XZYjGJIU:7Ö LM6+IK3JY>Ò?354FRSY>ã�ãfãJß¦/S8bY[L©IK6U/S47dSRSCFÎ�Y>=hRSY[8�i�Ê²9Ð` ß¦/�8bY[L©Î�/2IK35Lj=?I�1�LMXñÏ
Ç¼6�YbRTRS/SLjG5:7gh471
3 RS/2IKY©Ç¼6*Lb8[=¼1
Y[8�4pß¦/S8[YbL�RSIK6�Y[47XîIUL©IK3JY>E�Ê?^ÔGJYjIKÎ�LM6UA{CFÎ�3JYj6�Y
Ò¼ó>`HR?Î�YM6�Y>1cLjG=;hÓM=?6�Y[8kIUL>IK3JYkLj6P/SÓM/2G547IK/2G5Ó&RS/¨IfY�4FR?Î�YMd¨d?4FR?Yb471*3�LjeJIK3JYkLjIK3JYM6
1*YMGJIKYj6WR}:7Ê²3J/SR?6�Y[RS=?d2IKY[8�/2G�4pIK3J6�YMYjÏfÎ�47NñRS/2XZ=¼d2IU47GJYbLj=0R?ß¦/S8[YbL�RSYbRTRS/�LMGJCFÎ�3JYj6�Y
Y[471
3�R�/2IfY>1�LM=¼dS8�ß¦/2YMÎ 47G58�/2GJIKYj6W471*I�Î�/2IK3�47d2d?RS/2IKY[RT:7EHIJIK3JY>IK/2XZY�LMeJIK3JY�8bYjÇ¼dSLMNbÏ
XZYjGJI+LMeJIK3JY>ß¦/S8[YbL�4F8²47Ç¼IKYj6WRSCFIK3JY>E0ó²EHÏfÀ[¤C¤FR?Î�Yj6�Y©/2G�IK3JY�47d2Ç¼354ØRSIU4FÓ�Y�LMeJIKY[RSIKÏ
/2G5Ób:

Ê =h47d2/2IKN×LMeJIK3JY>ß¦/S8[YbL�LMß¦Yj65IK3�Y©Ç¼6*LMIULjIfNbÇ¼Y©GJYjIKÎ�LM6UA&Î�4FR?Yb7c1
YjÇ¼IK/SLMG547dS:7Ê?3JYj6�Y
Î�YM6�Y>IK3J6�YMY�RS/2XZ=?d¨IP47G�YbLj=hR?ß{/S8bY[LkRSY[RTRS/SLjG5RSCFY[471
3�6�=¼GJGJ/2G5Ó&47I+�7ÀØef6@47XZY[R©~?RSYj1
Ï
LMG+8×47G58�Î�/2G58?LMÎ R�/|{FYbRhLje547Ç¼Ç¼6
Lb7c/2X_47IKYMd2N�6FÀ[¤�7(ÀFð[¤pÇ¼/|7cYMdSR}:}Ë»3J/2d2Y©6�=¼GJGJ/2G5Ó
47IbIf3�Y�X_4}7c/2XZ=¼X 8?47IU4�6W47IKY[RSCjIf3�YM6�Y�Î�4FRJd2/2IKIKd2Y�IUL�G5L(8b/SRSIULj6PIK/SLjG&/2G&IK3JY�/2X_4FÓ�Y[RSC
Yjß¦YMG�8[=¼6P/2G+ÓlÇ¼YM6U/SLb8?RhLjeJ6W47Ç¼/S8�X_LMß{YMXZYjGJIU:7ã�I�Î�4FR?=¼G58[YM6@RSIULbL[8�47IJIK3JY>abYbÓ�/2G�Ï
GJ/2G5ÓkLMeJIK3J/�R?Ç¼354FRSY�LMeJIKY[RSIK/2G5ÓlIK3547I�IK3JY>ß¦/S8[YbL�4F8?47Ç?IKYj6WR¼Î�YM6�Yk47d2Ç¼3+4pß¦YM6@RS/SLjG5RSC
47G58�IK3547I�1cLjG=;0Ó�=?6U/2G5Ó©XZ=?d2IK/2Ç¼d2Y�47=h8[/SL�RSIK6�Y[47X_R?Î�LM=¼dS8�G5LjIJabY>ÇhL[RTRS/2abd2Yb:7Ö²LM6
LM=¼6+IKYbRSIURSCFÎ�Y>Î�YM6�Yk47abd2Y>IULk471*3J/2Yjß¦Yk47=08[/SL©/2G�LjGJY�8b/26�Yj1
IK/SLjG�LMGJd¨Nc:

Ò¼6 LjIULM1�LMdSR

\H=¼6P/2G+ÓlIK3J/SR?Ç¼6*LMIULjIKN{Ç¼YMCFÊ?`�Ò¥~[ãfÒ�Î�4FR?=0RSY[8kePLj6+If3�Y©IK6@47G5RSÇ0LM6UI+47G58�GJYMIKÎ�Lj6PA
dS47N{Yj65Ç¼6*LjIPLj1�LMdSRT:7Ö²LM6+IK3JY©6*LM=¼IK/2G5Ók471
6*LbR}R?IK3JY©GJYjIKÎ�LM6UA{CFIKÎ�L©Ç¼6*LjIPLj1�LMdSR?Î�Yj6�Y
IKYbR�IfY[8[CF.hãfÒ 47G58kÕ£9ÐÒ¼Ö®:7Ê²3�Y©Î�LM6UA RSIU47IK/SLjG5Rh47G58�RSÎ�/2IK1*3JYbR?=0RSY[8k9Ðó�`HR?IUL©1�LMXZÏ
XZ=¼GJ/21�47IKY©Î�/2IK3�Y[471
3�LjIK3JYj6KC¦47G58�Ò?ó�`HR?Î�YM6�Y�RSYMIK=¼ÇÉePLM6+6
Lj=¼IfYj6@R?IUL©1�LMXZXZ=¼GJ/2Ï
1�47IKY©Î�/2IK3�Y[471
3 LMIK3JYj6U:7EHd2IK35LM=0Ó�3�IK3JY>6*LM=¼IKYM6@R?Î�YM6�Y�47a{d2Y>IUL©Ç04FRTR?ãfÒÉIf6@47e];¼1
471*6
L[RTR;IK3JY�E�Ê?^ GJYjIKÎ�LM6UA{CMÎ�Y�Î]Yj6�Y�=¼G5RS=¼1*1
Y[RTRSef=¼dÐ/2GZÓ�YjIKIK/2G5Ó>6*Lj=?IKYj6WR;IUL�1cLjXZÏ
XZ=¼GJ/21�47IKY©Î�/2IK3�Yj/2IK3JYM6�RSÎ�/2IK1*3JYbRhLj653+LbRSIURT:}Ë¹Y>a{Yjd2/2Yjß¦Y©IK3J/SR¼/SRh8b=¼Y>IPL�4pÇ¼6*LMabÏ
d2YjXîÎ�/2IK3�IK3JYk4F8?8[6�Y[RTR?6�YbR}LMd2=¼IK/SLMG�RS1*3JYjXZYbR}:

E]R?ePLM6+6*LM=¼IK/2G5ÓlÇ¼6*LMIULj1cLjdSRSCF.0ã�ÒÉef=¼GJ1*If/SLjGJY[8×4FR?Yb7cÇ¼YM1*IKY[8×47G58�G5L>Ç¼6
Ljabd2YMX_R
Î�YM6�Y>YMGJ1�Lj=?GJIKYj6�Yb8�Î�/2IK3�IK3J/SR?Ç¼6*LMIULj1cLjdS:7Õ£9ÐÒ?ÖñLjG�IK3JY�LMIK3JYj653547G58[C¦8[/S8�G5LMI
ef=¼GJ1*If/�LMG5:7Ê?3JYM6�Y>Î¹4FR04pÇ?6*Lja{d2YjXîÎ�/2IK3�IK3JY>6
Lj=¼IfYj6@R?YbRSIU47abd2/SRS3J/2G5Ó©ef=?d¨d?4F8MÞD471*YMG�Ï
1*/2YbR?Î�/2IK3�Y[471*3�LMIK3JYj6U:7\(=?6U/2G5ÓlIK3JY>IKYbRSI�IK3JY>1�47=hRSY�LMeJIK3JY>Ç¼6
Ljabd2YMXîÎ�4FR?G5LjI
A{G5LjÎ�G=ÌF35LjÎ�YMß¦Yj6KC¦47efIKYj65Yb7cIKYMG+RS/2ß¦Y©6�Y[RSYb476�1*3�47efIKYM6+IK3JY>If6U/S47d2CF/2I�Î�4FRh8[YMIKYj6PÏ
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XZ/2GJY[8kIK3+47IJIK3JYj6�Y©Î�4FRh4pÇ¼6*LMabd2YjXîÎ�/2IK3�IK3JYkRS/|{FY�LMe�If3�Y©Õ£9ÐÒ?Ök^_Ê � :7Ê?3J/SR
1�47=hRSY[8�RTLMXZY�LMeJIK3JY>Õ£9ÐÒ?Ö&Ç0471*A{YjIUR?IUL©abY©1�Lj6P6�=?Ç¼IKY[8²:7E]Rh4p6�YbRS=¼d2IKCFÕ£9ÐÒ?ÖkÎ¹4FR
G5LjI�=hRSY[8k/¨G�IK3JY©IKY[RSIK/2G5Ó{:

ÍJÂ2Ã "])5��
f��Æ��c	U)+���
Ê²3�Y©/2GJ/2IK/S47d?ÓbLb47d?LjeJIK3JY©E�Ê²^äÇ¼6
LjIULMIKNbÇ?Y>Î�4FR?IUL©1�LjXZÇh476�Y�47G�E�Ê?^»~®\H9f6ØGJYMIKÏ
Î�LM6UA&IUL�4ØRSIU47G58²476*8�ã�ÒÉ6*LM=¼IKYb8�GJYjIKÎ¹Lj6UA&=hR�/2G5ÓlÇ0LM/¨GJIKÏfIULMÏfÇ0LM/2G�I�\H9f6Ø1
/26�1*=¼/2IURSC
47G58�IULk8[YMIKYj6PXZ/¨GJY©IK3JY>X_4}7c/2XZ=¼XîYMG58[ÏfIULMÏfYjG58�Ç¼YM6UePLM6UX_47GJ1*YkLje547G�E�Ê²^äGJYMIKÏ
Î�LM6UA :7Ê?3JY©\(9f6[~[E�Ê?^ 47G58�\H9f6[~[Öb\H\HãJÇ?Yj6UePLM6UX_47GJ1*Y©6�YbR�=?d2IUR?6�Y[471
3JY[8�If3�Y
47Ç¼Ç¼6*L87c/2X_47IKY>If3�YbLj6�YjIK/21�47d[X_4}7c/2XZ=¼XîePLM6+Yb471*3�IKYj1
3JG+LMdSL[Ó�Nc:7ãfeJIK3JY>dSLbRTR?/¨G
1�47Ç0471
/2IKN×8b=¼Y©IUL>E�Ê?^ Ljß¦YM6�3JY[4F8�/SR?a 47dS47G�1
Y[8�a{N&IK3�Y©6�Yb8[=¼1
IK/SLjG�/2G�1�LbR�I5Lje
E�Ê²^ R�YM6Uß¦/21*YbRSC¦4FR?1�LjXZÇ0476�Y[8�IPL�8[Yb8[/21�47IfY[8�1
/26�1*=¼/2IURSCFIK3JYMG�Î�Y>a{Yjd2/2Yjß¦Y©IK3547I
E�Ê²^Ô1�47G�abYk4pß{/S47a{d2Y�47d2IKYM6UG547IK/2ß¦Y[:7ã�GÑIK3JY©Ç¼6*LM1*Y[RTRhLMeJYjßà47d2=047IK/2G5ÓlIK3JY>E�Ê?^
Ç¼6*LMIULMIKNbÇ?YjCFÎ�Y©3+47ß¦Yk47dSR}Lk8[/SRS1�LMß¦Yj6�Yb8�IK3JY©ePLjd2dSLjÎ]/¨G5Ó{í

•
Ò¼ó>` Ç¼6
Ljß¦/SRS/SLjGJ/2G5Ók47G58kX_47/2G�IKYMG547GJ1*Y>a{Yj1cLjXZY[R?=?GJÎ�/2YjdS8[Nñ47G58
9Ðó>`HR?G�YMY[8kIUL>a{Y�RS=¼Ç?Ç0Lj6PIKY[8kabNñ47d2d®YMG58�YÉ9�=¼/2Ç¼XZYMG�IP:

•
Ê²3�Y©=0RSYkLjeJ\H9 � Rh4FRh47G�/2GJIKYj6PeP471*Y>/2GJIULk47G�E�Ê²^ RSYM6Uß¦/21*Y�4F8²8?R?1�LMXZÏ
Ç¼d2Y87�/2IKN
C¦47G58�6�YÉ9�=¼/26�Y[R?IK3JY>=hRSY�LMe�Ò?ó>`HRT:

•
ó0/S8[YbL�LMß¦Yj6+G547IK/2ß¦Y©E�Ê²^äÎ�4FR?ß¦Yj6PNñÓbLbL[8²:

•
ó?YMG58?Lj6WR?XZ=0RSI�/2GJ1*6�Yb4FRSY>Ç¼YM6UePLM6UX_47GJ1*YkLjeJE�Ê?^ 4F8?47Ç¼IKYM6+1�476
8?RT:

•
^_=¼d2IK/21�4FRSI�ef=¼GJ1
IK/SLjG547d2/2IKN&Î�/2d2d®a{Yj1cLjXZY©X_Lj6�Y©/2XZÇ0Lj6PIU47GJI+4FR?IKYjd2YÉ¦
Ì�IKYMd¨YbRSYjXZ/2G5476KCFIKYjd2YMd2Y[476UGJ/2G5Ó�CFIKYjd2YM1�LMG�efYM6�YjGJ1
YjCFYMIK1�:yÍJ47Ç¼Ç¼d2/21�47IK/SLMG5R
abYM1�LMXZY>Ç¼6�YMßà47d2YjGJIU:

Î Â2Ã Ï Æ��UÆ��
�ed 	��@�J
c��	U)5���
Ö{=¼IK=?6�Y>IKYbRSIURhLjeJE�Ê?^ Ljß¦YM6+IK3JY>Î�/S8bY�476�Y[4p1�47G�abYk47Ç¼Ç¼6*Lb471*3JYb8�ef6*LMXäRSYMß¦Yj6W47d
8[/26�Yj1*IK/SLMG5RT:7E]R?Î�Lj6PA×47d26�Y[4F8[N&354FR?abYMYjG�8?LMGJYjCFE�Ê?^ÔYb7cÇ¼YM6U/2XZYMG�IUR?1c47GÑePLM1*=hR
/2GJIUL�47GJN×Lje5RSYjß¦YM6@47d¼476�Y[4FR0LMe�IK3JY>GJYMIKÎ�Lj6PA²:7Ö{=¼IK=¼6�Y>IKY[RSIK/2G5Ó©1�47G�3J/SÓM3Jd2/SÓ�3�I+47GJN
LMG�YkLj65X_Lj6�Y�LjeJ35476
8[Î�476�YMC¦RTLjefIKÎ�476�YMC¦47Ç¼Ç¼d2/21�47IK/SLMG5RSC¦Lj6+If3�Y©YjGJIK/26�Y>E�Ê²^ÔYjGJß¦/2Ï
6*LMGJXZYjGJIU:

ô�476 8[Î�476 Y

Ê²3�Y©E�Ê²^äß¦/S8bY[Lk4F8?47Ç¼IKYM6+ef6*LMXîÖ²LM6�Y©9ÐN²RSIKYMX_RhÌ�E0ó?EHÏfÀ[¤C¤FÍJRS35LjÎ�R?Ç¼6
LjXZ/SRSYk4FR
4p35476*8[Î�476�Y>Ç¼dS47IKePLM6UXîePLM6�8[YbRSAbIPLjÇÉß¦/S8[YbLj1cLjGJefYj6�YjGJ1*/2G5Ó{:7ô�LjÎ�YMß{YM6-C¦47IJIK3�Y
IK/2XZYHLje¦/¨GJ/2IK/S47dcIfY[RSIK/2G5Ó�CjIK3J/SRJÇ¼6*Lb8[=¼1
IbÎ�4FRJ/2Gñ47d2Ç¼354>RSIU47IfY[: ã�IbGJYMY[8?R;IUL�=?G58[Yj6*Ó{L
ef=¼6PIK3JYj65IKY[RSIK/2G5ÓlIUL�8bYjIKYM6UXZ/2GJY>Î�3547I�/2IUR?Ç¼6W471*IK/21�47d[d2/2XZ/2IU47IK/SLMG5R0476�Y[: � If/¨d2/|{F/2G5Ó
IK3JY>\H9f6Ø1
/26�1*=¼/2I�a{YjIKÎ]YjYjG�RS/2IKYbRSCFIK3JY>Ç¼6W471*IK/21�47d[GJ=¼XZa{Yj6�LMeJ1�LMGJ1*=¼6P6�YjGJI+47=h8[/SL
47G58�ß¦/S8[YbL�RSIK6�Yb47X_R?IK3JY�8[YMß¦/21*Y>1c47G�R�=?Ç¼Ç0LM6UI+LMß{YM6+IK3JYk47ßà47/¨dS47a{d2Y>a²47G58bÎ�/S8[IK3
GJYjYb8?RJIUL�abYH8[YjIKYM6UXZ/2GJYb8?: Ê?3JY�E0ó²E»YjGJß¦/26*LMG�XZYMGJIb1�47Gka{Y�ef=¼6PIK3JYj6pRSIK=h8[/2Y[8(ePLM6
a²47G58bÎ�/S8[IK3�/2XZÇ0471*IURhLMe5LjGJYjÏfIULMÏfX_47GJN×Ì�Ç?6�Y[RSYMG�IP47IK/SLjG5Í�CFX_47GJNbÏfIPLjÏPLMG�YkÌ�1*dSLbR�Yb8
1*/26�1
=¼/2I�ß¦/S8[YbL[Í�C¦LMG�YMÏfIULMÏKX_47GJN&ß¦/S8[YbL>Î�/2IK3�X_47GJN{ÏKIPLjÏfX_47GJNñ47=08[/SLkÌf8[/SRSIU47GJ1*Y



�}�

d2Y[476PGJ/2G+Ó{ÍJ47G58�X_47GJN{ÏfIULjÏfX_47GJNñÌ�ef=¼d2d[ß¦/S8[Y[L©1�LMGJefYj6�YMGJ1*/2G5ÓbÍJRSYbRTR�/SLMG5RT:7gh471*3�LMe
IK3JY[RSY©1�47G�abY©ef=¼6UIf3�YM6+IU47A{YMGÑIPL�471*1cLj=?G�IJeULM6+XZ=?d2IK/2Ç¼d2Y�RSYbR}RS/SLMG�ÓM6
Lj=¼Ç?/2G+Ó{RhLjG
IK3JY�RT47XZY©GJYjIKÎ�LM6UA :7ãfeJef=?d2d¼8b/SRSIK6U/2ab=?IK/SLjG�/SR?G5LjI�6�Y£9�=?/26�Y[8bCF35LjÎ X_47GJNñRS/¨XZ=?d2IU47Ï
GJY[LM=0R?ab=?I+8[/2ß¦Yj6WRSY�RSYbR}RS/SLMG5R¼1c47G�IK3JYjG�abY©IU47A{/¨G5ÓlÇ¼dS471*Yk471*6*LbRTRhLjGJYkLj6+X_LM6�Y
E�Ê²^ R�Î]/¨If1*3JY[RT:

Ê²3�Y©IKY[RSIUR?Ç¼YM6UePLM6UXZYb8�ePLj65IK3J/SR?Ç047Ç¼Yj65=0RSY[8×LjGJd2N&Ö Lj6�YkRSN²RSIKYMX_RhRSÎ�/2IK1*3JY[RT:}�?N
3547ß¦/2G+Ó�4h3+LMX_L[Ó�YMG+LM=0R;YMGJß{/26
LjGJXZYMG�IfCM/SRTR�=?Y[R�47a Lj=?I{/2GJIKYj6
LjÇ¼YM6@47ab/2d2/2IKN�476�Y�G5LMI
/2GJßàLjd2ß¦Y[8²:7Öb=?IK=¼6�Y©IKY[RSIUR?Î�/2d2d[Y87cÇ047G58�IK3JY>IKYbRSIKabYb8�IUL©/2G�1
d2=08[YkLjIK3JYM6+ß¦YjG58²Lj6WR«¨
E�Ê²^ R�Î]/¨If1*3JY[RT:7Ê²3�Y©IKYbR�I5R�=?/2IKY>=hRSY[8�/2G�IK3J/SR?Ç047Ç¼YM6+Î�/2d2d[abYk8[=¼Ç¼d2/21c47IKY[8�=hRS/2G+Ó
LMIK3�YM6+ß¦YMG+8²Lj6WR©¨@Y£9F=¼/2Ç¼XZYjGJIU:7EÉ8?8[/2IK/SLMG547d2d2N*CFXZ=¼d2IK/2Ç¼d2Y©ß¦YjG58?LM6@R©¨@YÉ9�=¼/2Ç¼XZYMGJI
Î�/2d2dÐabY�/2G�IfY[Ó�6@47IKYb8H/2GJIULH4©RS/2G5Ó�d2Y�GJYMIKÎ�Lj6PA£IPLH8[YMIKYj6PXZ/2GJY�Ç¼YM6UePLM6UX_47GJ1*Y�/2G 1cLjGJÏ
ÞÝ=¼GJ1
IK/SLjG�Î�/2IK3�/2GJIKYj6
LjÇ¼YM6@47ab/2d2/2IKNc:

9;LMeKIfÎ�476 Y�Ì�`�/26 1*=¼/2I�^Ë47/2GJIKYjG547GJ1*YbÍ

\H/2e-efYj6�YMGJI�Ç0476UIURhLMeJIK3JY>Y87cÇ¼Yj6P/¨XZYMGJIURh47d26�Y[4F8bNk1cLjG58[=?1*IKYb8�3547ß¦Y>354F8�6�Y£9�=?/¨6�YjÏ
XZYjGJIUR¦ePLM6¼Yj/2IK3JYM6¼=0RS/2G5Ó�Ò¼ó>`HRàLj6?9Ðó�`HRT:AË»3J/2d2YØRTLjXZY�Y£9�=?/2Ç¼XZYjGJI®6�YÉ9�=¼/26�YbR¦IK3JY
=0RSYkLje54pÒ?ó�`�CFIf3�Yk4F8[XZ/2GJ/SRSIK6@47IK/2ß¦YkLjß¦Yj6�3�Yb4F8�4FRTRTLM1*/S47IKY[8kÎ�/2IK3�X_47/¨GJIU47/2GJ/2G5Ó
RS=¼1
3Z40GJYjIKÎ�LM6UA�6P/SRSY[R;Y87cÇ0LjGJYMG�If/S47d¨d2N�Î�/2IK3ÑIK3JY�GJ=?XZabYj6�LbR�RSIU47IK/SLjG5RT:}9Ðó>`HR�8²L
G5LjI�3547ß¦Yk4F8[XZ/2GJ/SR�If6@47IK/2ß¦Y�LMß¦Yj6�3JYb4F8[CFab=?I�/2GJ1*=¼6�R�X_47d2d?47X_LM=¼GJIURhLje5LMß¦Yj6�3�Yb4F8
/2GÑIK3JY>1�47d2d¼RSYMIK=¼Ç¹47G58�IKYb476�8²LjÎ�G5:TÖ{=¼6PIK3JYj6+IKYbR�If/¨G5Ó©1c47GÑabY>=0RSYb8£IUL�8[YMIKYM6UXZ/2GJY
=¼G58bYj6+Î�3547I�1cLjG58[/2IK/SLMG5R?Ò¼ó>`HRhLj659Ðó�`HRhRS35Lj=?dS8�abY©=0RSYb8?:7Ê?3JY©IKY[RSIK/2G5Ó&LjG
Y[471
3�Î�/2d2d®IP47AbY©/2GJIUL�471*1cLj=?G�I54F8?8[/2IK/SLMG547d®dS47IKYMGJ1*Nñ4F8?8[Yb8�a{Nk1c47d2d¼RSYMIK=¼Ç 47G58
IKYb476*8?LMÎ�G�ePLj6�47G�LMß¦Yj6@47d2d[Ç¼YM6UePLM6UX_47GJ1*Yg;0Ó�=¼6�Y[:

EHÇ¼Ç?d2/¨1c47IK/SLjG5R

Ë»3J/2d2Y>IK3JY©E�Ê²^äYMG�ß¦/26*LMGJXZYjGJI+RS35LjÎ�RhÓ�6�Yb47I�Ç¼6*LMXZ/SRSY>ef6*LMXÔ4ØRSIK6U/21*I�GJYMIKÎ�LM6UA{Ï
/2G5Ó©Ç?Yj6@RSÇ¼YM1*IK/2ß¦YMCF/¨IJÎ�/2d2d®a{Y>=hRSYj6�47Ç?Ç¼d2/¨1c47IK/SLjG5R?IK3547I�Î�/2d2d[X_47A{Y>E�Ê?^ 4pß{/S47a{d2Y
47d2IKYM6UG547IK/2ß¦Y>IUL©1*=¼6P6�YjGJI�GJYMIKÎ�Lj6PA&XZYjIK35Lb8?LjdSLbÓ�/¨YbRT:7Õ£GJY�RS=?1*3�47Ç¼Ç¼d2/21�47IK/SLMG�IK3547I
1�LM=¼dS8�IP47AbYk4F8[ßà47GJIU4FÓ�Y�LMe�If3�Y©a²47G58[Î]/�8bIK3�47G58�dS47IKYjGJ1
Nk1
3+476W471*IKYM6U/SRSIK/21�RhLMe
E�Ê²^Ô/�R?IK3JYk8[/SRSIK6U/2a{=¼IKYb8�ó0/26UIK=h47d£ËÙ/2G58�ÊÐ=¼GJGJYMd¼Ìf8bóKË»ÊpÍf:7/2G�IK3JY�8[óoË»Ê[CC6FÏ
8[/2XZYMG5R�/SLMG547d[X_L[8[YMdSRh476�Y�RS/2XZ=¼dS47IfY[8�/2G�4p1�LMXZÇ¼=¼IU47If/�LMG547d[Î�/2G58�IK=¼GJGJYMd�:7Ê²3JY
6�YbRSY[476�1
3�YM6@R?1�47G�IK3JYMG�YjGJIKYj65IK3JY>Î�/2G58[If=¼GJGJYjd?8[=?6U/2G5ÓlIK3JY>IKYbRSI�IUL>dSLbLjAñ47I+LM6
4F8jÞÝ=hRSI�IK3JY>X_Lb8[Yjd[ef6
LjXÔ8[/2e-efYM6�YjGJI+47G5Ó�d2Y[Rh47G58�8b/¨6�Yj1*If/�LMG5RT:7Ê?3JY©X_L[8[YMd[/SRh8[/SRSÏ
Ç¼dS47N{Y[8�ß¦/S4l4¥6FÏP8b/2XZYjG5RS/SLjG547d®ß¦/2YMÎ�Yj6+IK3547Ià47d2dSLMÎ�R¼IK3JY>6�Y[RSYb476�1*3JYM6àIPL>YjGJIKYj6+IK3JY
RS/2XZ=¼dS47IK/SLMG+:7Ê²3JY�8bóKË»Ê×/SRh47I�IK3JY>3J/SÓ�3�YjG58�LMe547Ç¼Ç¼d2/21�47IK/SLMG+R?IK3547I�1c47GÑa{YjGJY8;¼I
ef6*LMXîE�Ê²^ò:7E£G�Nñ47Ç¼Ç¼d2/21c47IK/SLjG�IK3547I�6�YÉ9�=¼/26�YbR?3J/SÓM3�RSÇ¼YMY[8�47G58k3�/SÓ�3�a²47G58[Ï
Î�/S8[IK3�Î�/2IK3�RSIK6U/21
I�dS47IKYjGJ1*N&6�YÉ9�=¼/26�YjXZYjGJIUR?Î�/2d2d[abYMGJYb;?IU:7^ò47GJNñ47Ç¼Ç¼d2/21�47IK/SLMG+R?/2G
IK3JY�`HLjXZÇ¼=?IU47IK/SLjG547d�Öbd2=?/�8 \HN{G+47XZ/21cRàÌ�`�Ö{\�Íb476�YjG54�476�YpÇ0LMIKYMG�If/�47d�1�47G58[/S8?47IfY[RT:
9Ð=¼1
3 47Ç?Ç¼d2/21�47IK/SLjG5R?1�47G�a{Y>1*35476W471*IKYj6P/|{FY[8kabN&3J/�Ó�3�1�LMXZÇ¼=¼IU47IK/SLMG547d[6�Y£9F=¼/26�YMÏ
XZYjGJIUR?Î�/2IK3�dS476*Ó�Yk47X_Lj=¼GJIURhLMe58?47IU4F:7Ê²3JY>6�YbRS=¼d2IURSC¦47d2IK35Lj=hÓM3�/2G�IK3JY>Çh4FR�IJ3+47ß¦Y
abYMYjG�8?47IP4ØR�YMIURhLjeJGJ=?XZabYj6WRhÌ�Î�3J/21*3�47d2IK35Lj=0Ó�3�dS476*Ó�Y�8b/S8�G5LjI�3547ß¦Y�RSIK6P/21*I
dS47IKYMG�1
Nk6�Y£9�=?/26�YjXZYMGJIURTÍ�CF/¨e58b/SRSÇ¼dS47NbYb8�/2G�6�Yb47d¨ÏfIf/¨XZY©=0RS/2G5Ólß{/S8bY[L©Î�Lj=?dS8�X_47A{Y
1*=?6U6�YMGJI�Öb\H\Hã�47G+8kg?IK3JYM6UGJYjI�GJYMIKÎ�Lj6PA R047d2X_LbRSI�/2XZÇ0L[RTRS/2abd2Y©IUL>=hRSY[:}�?N&=hR�/2G5Ó
E�Ê²^_CFIK3JY>IKYbR�IPR¼a{Yj/2G5Ól6�=?GÑ1c47G�abY�4F8MÞÝ=0RSIKYb8�/2GJIKYj6W471*IK/2ß¦Yjd2N&IUL©Ç¼6*Lb8[=¼1*Y©abYMIKIKYM6



�C�

6�YbRS=¼d2IUR�/2G×45ef6W471*IK/SLMG×Lje{IK3JY�IK/2XZYb:PÖ{=¼6PIK3JYj6²IKY[RSIK/2G5Ó�1�47GñR�35LMÎ IK3JY�ß¦/S47ab/2d2/2IKN]47G58
Ç0LMIKYjGJIK/S47d?Ó{47/2G5R0LMeJ=¼IK/2d2/|{F/2G5ÓlE�Ê²^äIUL©1*6�Yb47IKY�RS=?1*3�47G58�47Ç¼Ç¼d2/21�47IK/SLMG5R?YjGJß¦/26*LjGJÏ
XZYjGJIKC¦4FR?Î�YMd2d?4FR?Ç0L[RTRS/2abd2Ne9�=047GJIK/|{F/2G5Ó&RTLjXZYkLjeJIK3JY©abYjGJY8;¼IURhÓ{47/2GJY[8²:

E Ê²^ÔePLj6ÁË LM6UA RSIU47IK/SLMGÑ`�d¨=hRSIKYj6WR

gj7cÇ¼YM6U/2XZYMG�IPR0476�Y>1*=?6U6�YMGJIKd2Nka{Yj/2G5Ó&8?LMG�Yk47I�Q?YM.0` IULk8[YMIKYj6PXZ/¨GJY©IK3JY�47Ç¼Ç¼d2/21c47Ï
ab/2d2/2IKNñLjeJ1
d2=0RSIKYj6P/2G5Ó©Î�LM6UA RSIU47IK/SLMG+Rh471
6*L[RTR?ßà476U/SLM=0R?XZY[8b/S4p/2G�1
d2=08[/2G5ÓlE�Ê²^ò:
Ê²3�Y©IKY[RSIUR?/2GJ1*d2=h8[Y>If/SÓM3JIKd2N&1�LM=¼Ç¼d2Yb8�47G58�dSL[LbRSYjd2N&1�LM=¼Ç¼d2Yb8�Ç¼6*LMabd2YMX_R}:7.hY[RS=¼d2IUR
1*YMGJIKYj6�LjG�ßà476U/SLM=0R?Ç¼Yj6PePLj6PX_47GJ1*Y>1
3+476W471*IKYM6U/SRSIK/21�RT:7Ê²3�YbRSY>IKYbRSIUR?1�47G�abY
Yb7cIfYjG58[Yb8�471*6
L[RTR?IK3JY>Î�/S8bY�476�Yb4p/2G LM6*8bYj6+IPL�8[YMIKYj6PXZ/2GJY>Î�3547IKCF/2e547GJN*CFÇ¼6
LjabÏ
d2YjX_R5476�Y�/2GJ1*=¼6P6�Y[8HabN£IK3JY�1*6
L[RTRSÏf1�LM=¼GJIK6UN£Ç¼6*LMÇ04FÓ{47IK/SLjGñ8[YMdS47N²R5LMe 45Î]/�8bYjÏP476�Y[4
GJYjIKÎ¹Lj6UA :}9Ð=¼1
3ñ47G YjGJß¦/26*LMGJXZYjGJI{Î�Lj=?dS8]47d2dSLjÎ =¼G58bYj6�Ïf=hRSY[8H6�YbRTLj=?6�1*YbR547I LMGJY
dSLj1c47IK/SLjG�Ì�Ç0LbRTR�/2a{d2Y�8[=?Y>IULkLje-efÏfÇ¼Yb47A&3+LM=¼6WR?/¨G�4Ø8b/2e�efYM6�YjGJI�If/¨XZYMÏ`{¦LjGJYbÍcIUL>a{Y
47Ç¼Ç¼d2/2Yb8�IULk47Ç¼Ç¼d2/21�47IK/SLjG5Rh47I+47G5LMIK3JYj6�RS/2IKYb:

^_Y[8[/S4pÒ?Yj6PePLj6UX_47GJ1
Y

Õ£GJYHLje{IK3JY�abYjGJY8;¼IUR5LMe{E�Ê²^ /SRJIK3JYH47ab/2d2/2IKNHIPL(Ó�YjI²47G58HX_47/¨GJIU47/2GñRSIK6P/21*IbdS47IKYjGJ1
N
47G58�a 47G+8bÎ�/S8[IK3�6�YÉ9�=¼/26�YMXZYjGJIURT:7ã�e54ØR�IPLj6�Yk47G58�ePLj6PÎ�476*8×8[Yjß¦/21*YkÌfRS=¼1*3�4FRh4
6*LM=¼IKYM6@Íc/SR?Ç¼dS471*Yb8�/2GJIUL>IK3JYkRSIK6�Yb47XZCFIK3�Yk4F8[ßà47GJIU4FÓ�Y[RhLMeJYjG58[ÏfIULMÏfYjG58�E�Ê?^ 476�Y
dSL[RSIU:7^ËLj6�Y>Ç¼6
Ljabd2YMX_R?1�LM=¼dS8�abY©/2GJ1*=¼6P6�Y[8kÎ�3JYjG�LMGÑIf3�YkLjIK3JYM6�RS/S8[YkLjeJIK3JY
6*LM=¼IKYM6�4©8[/2e-efYM6�YjGJI¦XZY[8[/S4h/SR�4F8²8[Y[8²:«�hLMIK3 E�Ê?^ 47G58£Ö{\H\(ã+LMe-efYj6àa²47G58[Î]/�8bIK35R
LMe?�C¤C¤5^_abÇ0RT:PÊÐY[RSIUR�IK3547I[X_47A{Y 8b/26�Yj1
I[1�LjXZÇh476U/SRTLjG5R+LMe?�C¤C¤5^_abÇ0R�Ç¼/2Ç?Y[R�1�LM=¼dS8
RS35LjÎ IK3JY©abYMG�Y8;?IURh47G+8kÇ¼6*LMabd2YjX_RhLMeJ=0RS/2G5Ó©YM/2IK3JYj65IKNbÇ?Y�LMe�XZYb8[/S4F:7gh471
3�IKNbÇ?Y
Î�/2d2d�3547ß{Y�/2IUR�Ç¼dS471*Y�/2G�GJYMIKÎ�Lj6PA{/2G+Ó�ePLM6hRTLjXZY�IK/2XZY�IUL�1�LMXZYjCW/2ebYb471*3k/SR¦=?IK/2d2/|{FY[8
=¼G58bYj6 IK3JY�Ç¼6*LMÇ¼Yj6 1*/26�1*=¼X_RSIU47GJ1*YbRT: Ö{=¼IK=?6�Y�IKYbR�If/¨G5Ó�R�35LM=¼dS8]RS35LjÎ IK3JY�a²4FRS/21h1*6U/2Ï
IKYM6U/SLjG&ePLM6²Y[471
3×LMebIf3�YbRSY�XZY[8b/S4F:GË»3�YMGkE�Ê?^$47G58(Öb\H\Hã 476�Y�1�LMXZab/2GJY[8(/2G&IK3JY
RT47XZY>GJYMIKÎ�Lj6PAbC¦4Ø8b/2e�efYM6�YMGJI+RSYjI+LMeJ/SR}RS=?Y[R?1�LM=¼dS8�476P/SRSY[:7Ò?Yj6UePLM6UX_47GJ1*Yg;0Ó�=?6�Y[R
1�LM=¼dS8�a{Y�476P6U/2ß¦Y[8×47I�IUL�RS35LMÎ RTLjXZY�LMeJIK3JY�4F8bßà47G�IU4FÓ�YbRhLj6+Ç?/2IKeP47d2d�RhLMe5RS=¼1*3�4
GJYjIKÎ¹Lj6UAñ4FR?Î�YMd2d¼4FR?Î�3JYMIK3JYj65IK3JY>1*35LMAbY©Ç0Lj/2GJI�/SR?IK3JY©XZY[8[/S4ØLM6+IK3JY©/2G�IfYj6�1�LMGJÏ
GJYj1
IK/SLjG�8[YMß¦/21*Y[:

Ð Â2Ã �]�=Ñ@�J�
�J��
c�J�
Ò �CÓ¼Q?/SRTLMIKIU47CFEHGJIK35LMG�Nñ47G58�OP47XZYbR?\�:7^_1*`H47a{Y[:CÔ7E£g?.0Õ£GJYMIUí7Ê?3JY©iÑE£9ÐE

EHYM6*LbR�Çh471*Y>i�YMIKÎ�Lj6PA�Õ7CFi�EH9ÐE EHXZYbR?.0Y[RSYb476�1*3�`�YjGJIKYM6-C¦�7ïFïFð¦:
Ò À[Ó E Ê²^ � RSYj6 ÏKi�YMIKÎ�Lj6PAkã�GJIKYj6PeP471*Y>9ÐÇ?Yj1*/|;?1�47IK/SLMGJCFó?Yj6WRS/SLjGª6¦:Â¤F:7Ê?3JY©E�Ê²^

Ö Lj6U=¼XZCFÒ¼Ê². Ò?6�YjGJIK/21
Y>ô�47d2d2CFiÑYMÎ OfYj6WRSYjN
C¦�7ïFïC6¦:



�C�

Ö ¾ NASA Lewis Research Center× ¾
Computer Sciences Corporation, NASA Ames Research Center

���������*	�����
c����� 	����°������������� �����-�P��!�"�# �k%('
���
)+��)+�-,����

.0/21
3+476
8l9;:�<>=¼6W47AÙØDC*E£GJIK35LjGJN OU:�Q²/SRTLjIKIU4ÈÚMC*OP47XZYbR
\]:7^Ù1
`H47abYEÚWCyE£d2ef6�Y[8kgh:7i�LjIK3547efI|ÚjCF<©Yjd2d2N&.©:7.0=0RTRSYMd¨dÛÚ

ÜÞÝiß¢àÞáqâäãYàÞåfâÁætç�èAèAéêàÞëíìïîtß¢ðYåÙðñç¡ò¥ß¹èAéïåfâóáõôpâÁö÷âøì
î}ß¹ôLùúîtâóãÙß¹ë¹ôAãYàÞèoåfâóûeðYåfîCüÞÝiß¢àÞáõâýöþðYåfÿ â°ì ö ôAî}ß î}ß¹â
àÞç�î}ß¢ðñå � ù��§îCð âóë¢ùCç åfâ ãÙèLàÞåfôpîtéïðYæKû�åfâ°ùCâóëiîCàÞî}ôEðñë àÞë¢ì
î}âóãÞß¹ë¹ôpãYàÞèSàÞãÙãÙç�åÞàÞãÙé üÞÝiîCàÞÿ âýû âóåÙù[ðñë¢àÞèKåfâ°ùCû¡ðYëíùPô��
� ôAèpôAî}éïæOðñå î}ß¹â��¥çeàÞèpôAî}é ðYæiî}ß¹ôLù ìrðYãÞç
	 âÁë¹îCü��

������������
����� ���

������������
����� ���

u������f~P­Ww�~P��~U�fx
�©��x��Mx�w��W�bª

�5¡���~P�®|}zFzF�f�
­j|}��º
|}x�xSw��@�����5�
�{~PzF�
�f�j���F�©�W~U�Pª  "!#!#$&%(' ���)�+*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*


